1NTRODUCTION
A central problem in the analysis of complex patterns of behavior is identification of the evoking stimuli. This is especially important in connection with those "species-specific" types of behavior which 'are usually termed "instinctive". As LASHLEY has expressed it:
It is really imperative that we make a serious effort to define the adequate stimulus, not only in studies of instinct but equally in studies of reflexes and learning. Psychological theories based upon the relations of stimulus and response remain sheer nonsense so long as the stimulus is defined only as whatever the experimenter puts in front of the animal. We have gone far enough in this work to be sure that the animal rarely reacts to what the experimenter regards as the stimulus. In any complex situation the true basis of reaction can be discovered only by systematic variation of all the parts and properties of the supposed stimulus (1938, P. 459).
Ethological investigators have been much more aware of this problem than have experimental psychologists. Studies of food-begging by herring gull chicks (TINBERGEN and PERDECK, ig5o), mating and nest-fanning by male sticklebacks (TER PELKWIJK and TINBERGEN, 1937; VAN IERSEL, 1953) , and egg-retrieving by broody herring gulls (BAERENDS, 1955) have demonstrated the feasibility and value of identifying the external stimuli which evoke various kinds of consummatory behavior.
A number of experiments have shown that various biologically important reactions of lower vertebrates are dependent upon relatively simple and 1) The experiments reported here were carried out in the Department of Animal Behavior at the American Museum of Natural History. They were supported in part by a grant from the Committee for Research in Problems of Sex, National Research Council.
restricted components of the total stimulus situation. For example, the courting behavior of the male three-spined stickleback is evoked by a variety of artificial models which may differ markedly (TINBERGEN, I95I). The critical feature is that the model must imitate the swollen abdomen which is characteristic of gravid female sticklebacks. Similarly, the foodbegging reactions of herring gull chicks are elicited by a visual stimulus. This is not the sight of the parent, nor even the parent's head and beak. The effective stimulus is a long, narrow, bill-shaped object with a patch of contrasting color near the tip. The bill of the adult herring gull is yellow and has a red spot near the end of the lower mandible. Experiments with cardboard models indicated that the color of the bill or the head is irrelevant. The essential stimulus to food-begging is the colored patch which must contrast with the color of the bill.
Many findings of this sort led TINBERGEN to conclude that, "As a rule an instinctive reaction responds to only very few stimuli, and the greater part of the environment has little or no influence, even though the animal may have the sensory equipment for receiving numerous details... (I95I, p. 27)." Elsewhere the same author suggested that the tendency to react to limited parts of the total stimulus pattern is what makes it possible to evoke "instinctive" reactions by the presentation of dummies.
In their investigation of species-specific behavior American psychologists have for the most part neglected the problem of stimulus analysis. There have been a few exceptions. STONE'S early studies of the sensory cues involved in the sexual behavior of rabbjts and rats failed to reveal any single source of stimulation which was essential for the male's response to the female (1922, 1923, 1925) .
STONE'S findings concerning rabbits were confirmed and extended by BROOKS, whose observations of surgically desensitized males led to the following conclusion:
These experiments suggest that several factors cooperate in the production of sexual excitement and the resulting activity... Many types of sensation probably normally play a part in the initiation of excitement but practically every one of them is dispensable providing some other source of stimuli remains (BROOKS, 1937, P. 551) .
A subsequent analysis of the male rat's sexual behavior was summarized as follows:
The normal male receives from the sexually receptive female visual, olfactory, and cutaneous stimuli, all of which contribute to the arousal of sexual excitement and the elicitation of the motor pattern of copulation, but none of which are essential if the copulatory threshold is low enough to permit the appearance of motor patterns in the presence of reduced excitability consequent to elimination of one or more sensory receptors (BEACH, j942a, p. 206) .
